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(57) ABSTRACT

The present invention discloses a method for transmitting
information in a closed loop multiple antenna system. The
method includes that: atransmission apparatus receives infor-
mation transmitted from a reception apparatus, wherein the
information includes codeword index information; the trans-
mission apparatus selects a corresponding codeword from a
double-layer-structure-based codebook according to the
codeword index information; the transmission apparatus gen-
erates a precoding matrix according to the selected codeword;
the transmission apparatus performs precoding for data to be
transmitted according to the precoding matrix; the transmis-
sion apparatus transmits the precoded data to the reception
apparatus. The present invention can enable a formed and
used codebook to match channel distribution characteristic of
a dual-polarized antenna as much as possible, and minimize
performance loss brought by codebook quantization, thereby
performance of a precoding system can be effectively
improved.

16 Claims, 3 Drawing Sheets

o
Recetve information including codeword index | 8201

information und extract the codeword index
information

y

~

Select 1 correspouding codeword from a -y S202

codebook in 4 bvo-slage structurs according to the
codeword index information

5203

Perform s transformation provess based upon the |
codeword to obtain a pre~coding matix

!

Pre-code data to be transmitted according to the L
pre-coding raatrix

'

Trangmit the pre-coded data 10 the reveiving
device

S205




US 8,855,229 B2
Page 2

(56) References Cited OTHER PUBLICATIONS

“DL Codebook design for 8Tx precoding”, by LG Electronics, 3GPP

FOREIGN PATENT DOCUMENTS TSG RAN WGI1 Meeting #59bis , Jan. 18, 2010.

CN 101534268 A 9/2009
KR 20090054357 A 5/2009 * cited by examiner



U.S. Patent Oct. 7,2014 Sheet 1 of 3 US 8,855,229 B2

1 N, j24] 2 N, /242 N, /2 N,

R — = : Q9
Recerve mfonmation including codeword index M,;S‘*’O !
mformation and extract the codeword index '
information

a— y : 202
Select 1 corresponding codeword from a 5202

codebook i 2 two-stage structure according to the
codeword mdex information

¢ 5203
Perform a transformation provess based upon the |~
codeword to obtn a pre-coding mmairix

¢ 3
L

N204
Pre-code data to be transmitted according to the |~
pre-cading roatnin
¢ S205
Tranwmit the pre-coded data to the receiving |~

device

Fig. 2



U.S. Patent

Oct. 7,2014 Sheet 2 of 3

US 8,855,229 B2

Receive mformation transmitied from a
transmitting device

5301

peirrn’

!

Extimate channel state information according to

the recetved mformation

8302
—

Select a codeword from a codebook m a
twosstage structure according to the channel
state information

S303
s

!

J

Generate codeword index mformation of the
selected codeword

Ll
Lo
s

Pa
4

e

!

Transmit information including the codeword
index miormation

S305
o

Fig. 3

Receiving module

Codebook storing
module
{24

10

Codeword
determining module
1360

Transoutung wodale
160

Pre-coding module

150

Pre-coding matrix
caleulating module
140

Fig. 4




U.S. Patent

Oct. 7, 2014

Recetving module

Sheet 3 of 3

US 8,855,229 B2

210

Channel estimating
module 220

Transputiing modale
260

Cadeword index
information generating
module 230

Fig. 5

Codeword selecting
modake 240

Codebook storing
module 230




US 8,855,229 B2

1
METHOD AND DEVICE FOR
TRANSMITTING/RECEIVING
INFORMATION IN CLOSED-LOOP
MULTI-ANTENNA SYSTEM

FIELD OF HE INVENTION

The present application is a US National Stage of Interna-
tional Application No. PCT/CN2011/000190, filed 31 Jan.
2011, designating the United States, and claiming priority to
Chinese Patent Application No. 201010109923.2 filed 8 Feb.
2010.

The present invention relates to the field of communica-
tions and particularly to a method and device for transmitting/
receiving information in a closed-loop multi-antenna system.

BACKGROUND OF THE INVENTION

At present, a multi-antenna technology at physical layer
has become one of crucial technologies in a next-generation
wireless communication system. The multi-antenna technol-
ogy has numerous advantages, for example, the throughput of
the system can be improved with a multiplexing gain of
multiple antennas, the performance of the system can be
improved with a diversity gain of the multiple antennas,
receiving terminals can be distinguished from each other with
a directivity gain of the antennas to remove interference
between the receiving terminals, etc.

A Multiple-Input Multiple-Output (MIMO) system uses
multiple transmitting and receiving antennas and utilizes
joint processing of a signal in the space, time and frequency
domains to obtain rate, diversity and array gains. In the
MIMO system, if a transmitter can acquire channel state
information somehow, a transmission signal can be optimized
dependent upon a channel characteristic to improve a recep-
tion quality and lower required complexity of a receiver. In a
real system, typically a feedback of quantized channel state
information is adopted to lower feedback overhead and feed-
back delay. The channel state information can be quantized in
terms of a channel matrix and a statistic thereof or of a
pre-processing parameter recommended by the receiver for
use. The quantized channel state information is mapped into
a set of a limited number of elements, which is referred to as
a codebook.

In a codebook-based closed-loop MIMO system, a code-
book is a key factor influencing the performance of the sys-
tem. In each of the transmission modes 4, 5 and 6 of the Rel-8
long Term Evolution (LTE), a Precoding Matrix Indicator
(PMI) feedback mechanism is adopted, that is, a User Equip-
ment (UE) measures a channel according to a common pilot
and reports index information of a codeword that it recom-
mends for use to an eNodeB (eNB). With four common pilot
ports, for example, a Houscholder transformation-based
codebook is adopted, and there are sixteen selectable pre-
coding matrices for each Rank of the closed-loop spatially
multiplexing mode, i.e., the transmission mode 4. General
characteristics of an Rel-8 LTE 4-antenna codebook include:
1) a Rank] codebook is obtained by searching while consid-
ering a tradeoff between uncorrelated and correlated chan-
nels; 2) a nesting relationship holds between codebooks at the
other Ranks and the Rank1 codebook; 3) a 8PSK (Phase Shift
Keying) element is adopted for each codebook element to
lower calculation complexity; 4) there are constant modulus
and unitary characteristics; and 5) complexity of selecting a
codeword can be lowered with a characteristic of the House-
holder transformation.
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In an MIMO-based wireless communication system, e.g.,
an Rd-10 LTE-A system, the use of the PMI feedback mecha-
nism can be continued, but the number of configuration com-
binations of Ranks and the numbers of transmitting antenna
ports is far larger than that in the Rel-8 LTE due to an
increased number (possibly eight, for example) of transmit-
ting antennas. On one hand, no codebook has been defined for
a large number of configuration combinations of Ranks and
the number of transmitting antenna ports. On the other hand,
the necessity to design a codebook for a spatially correlated
channel has become more prominent as compared with the
Rel-8 LTE system because the number of antennas constantly
increases and the size of a base station is limited so that it is
inevitably necessary to shorten the spacing between antennas
and/or adopt polarized antennas. In view of the foregoing
considerations, a linear codebook for a spatially correlated
channel and a designing method thereof are indispensable
technology issues in future wireless communication system
researches and standardization. Furthermore, researchers
consider as much as possible reserving the characteristics of
the Rel-8 LTE codebook while designing a codebook in view
of the good performance and excellent characteristics of the
Rel-8 LTE 4-antenna codebook.

The existing Householder transformation method can not
be applied directly to designing of an 8-antenna codebook.
Generally the following several codebooks can inherit the
characteristics (or a part thereof) of the Rel-8 LTE codebook
at present.

A codebook 1: The Rel-8 codebook is transformed into an
8-antenna array codebook at the Rank1 The codebook 1 has a
drawback of failing to satisfy a nesting relationship although
the codebook 1 inherits a part of the characteristics of the
Rel-8 LTE 4-antenna codebook, i.e., the constant modulus
and the use of an 8PSK element. Since the codebook 1 is
based upon extending the Rel-8 LTE 4-antenna codebook
which results from optimization in view of both spatially
correlated and spatially uncorrelated channels and a part of
codewords of which is not suitable for the spatially correlated
channel, there is a performance loss of the codebook 1 for an
array of antennas at a small spacing.

A codebook 2: A number 47 of 8x8 complex matrices with
their elements being 8PSK elements are constructed in com-
plex Hadamard transformation, and then a Rank1 codebook is
obtained by searching in the optimizing method with a
tradeoff between uncorrelated and correlated channels. The
codebook 2 has a drawback of adopting only 8PSK elements
although the codebook 2 inherits most of the characteristics
of the Rel-8 LTE codebook, i.e., the constant modulus, uni-
tary and nesting characteristics. Since a space consists of a
number 47 of 8x8 complex matrices with their elements being
8PSK elements is searched for the codebook 2 in a search
criterion considering a performance tradeoft between spa-
tially correlated and spatially uncorrelated channels, the per-
formance of the codebook 2 over the spatially correlated
channel is degraded.

A codebook 3: The Rank codebook is derived by multiply-
ing sixteen different diagonal matrices by a 8-DFT (Discrete
Fourier Transform) matrix, and the Rank1 codebook is com-
posed of first columns of the sixteen 8x8 complex matrices.
The codebook 3 has such a drawback that although the code-
book 3 inherits a part of the characteristics of the Rel-8 LTE
codebook, i.e., the constant modulus, unitary and nesting
characteristics, complexity of pre-coding calculation will be
increased because 16PSK elements are adopted. If there is no
significant performance gain over other codebooks, the
increased complexity of pre-coding calculation will become
an extra burden.
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A codebook 4: the codebook consists of respective rows (or
columns) of one 8-DFT matrix and one 8x8 unitary matrix.
The codebook 4 has a drawback of adopting only 8PSK
elements although the codebook 4 inherits a part of the char-
acteristics of the Rel-8 LTE codebook, i.e., the constant
modulus, unitary and nesting characteristics. Also since the
DFT matrix complies with the construction of an array
response, both the codebook 3 and the codebook 4 are suit-
able for a pre-coding MIMO system over a spatially corre-
lated channel. However, the angles of corresponding array
responses of respective codewords in the codebook 3 and the
codebook 4 are unchanged regardless of a specific distribu-
tion characteristic of the channel, so a performance loss of the
pre-coding MIMO system may be incurred in a specific sce-
nario.

Therefore, it is desired to propose an efficient design of a
codebook and a solution to information transmission and
reception using the codebook.

SUMMARY OF THE INVENTION

An object of embodiments of the invention is intended to
address at least one of the foregoing drawbacks in the prior an
particularly by designing and using a codebook in a two-stage
structure and an information transmitting/receiving method
using the codebook to improve the performance of a closed-
loop multi-antenna system.

In order to attain the foregoing object, an aspect of the
invention proposes a method for transmitting information in a
closed-loop multi-antenna system, which includes the steps
of: receiving, by a transmitting device, information including
codeword index information transmitted from a receiving
device; selecting, by the transmitting device, a corresponding
codeword from a codebook in a two-stage structure according
to the codeword index information; generating, by the trans-
mitting device, a pre-coding matrix according to the selected
codeword; pre-coding, by the transmitting device, data to be
transmitted according to the pre-coding matrix; and transmit-
ting, by the transmitting device, the pre-coded data to the
receiving device.

A further aspect of the invention proposes a method for
receiving information in a closed-loop multi-antenna system,
which includes the steps of: receiving, by a receiving device,
information transmitted from a transmitting device and esti-
mating channel state information according to the informa-
tion; selecting, by the receiving device, a corresponding code-
word from codebook in a two-stage structure according to the
channel state information and generating codeword index
information of the selected codeword; and transmitting, by
the receiving device, the codeword index information of the
codeword to the transmitting device.

A further aspect of the invention proposes a transmitting
device including a receiving module, a codeword determining
module, a pre-coding matrix calculating module, a pre-cod-
ing module and a transmitting module, wherein: the receiving
module is configured to receive information including code-
word index information transmitted from a receiving device;
the codeword determining module is configured to select a
corresponding codeword from a codebook in a two-stage
structure according to the codeword index information; the
pre-coding matrix calculating module is configured to gener-
ate a pre-coding matrix according to the selected codeword;
the pre-coding module is configured to pre-code data to be
transmitted according to the pre-coding matrix; and the trans-
mitting module is configured to transmit the pre-coded data to
the receiving device.
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A further aspect of the invention proposes a receiving
device including a receiving module, a channel estimating
module, a codeword selecting module, a codeword index
information generating module and a transmitting module,
wherein: the receiving module is configured to receive infor-
mation transmitted from a transmitting device; the channel
estimating module is configured to estimate channel state
information according to the information; the codeword
selecting module is configured to select a corresponding
codeword from a codebook in a two-stage structure according
to the channel state information; the codeword index infor-
mation generating module is configured to generate code-
word index information of the selected codeword; and the
transmitting module is configured to transmit the codeword
index information of the codeword to the transmitting device.

In the foregoing solutions proposed according to the
embodiments of the invention, a formed and used codebook
matches as closely as possibly a channel distribution charac-
teristic of a dually polarized antenna to minimize a perfor-
mance loss due to quantization of the codebook, thereby
improving effectively the performance of a pre-coding sys-
tem. Furthermore, the codebook proposed by the invention
has a two-stage structure and can support both a feedback of
one PMI and a feedback of two PMIs.

Additional aspects and advantages of the invention will be
partly presented in the following description, partly become
apparent from the following description or be learned from
practicing of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and/or additional aspects and advantages of
the invention will become apparent and readily understood
from the following description of embodiments in connection
with the drawings in which:

FIG. 1 is a schematic diagram of the convention of an
antenna indexing method of a dually polarized antenna
according to an embodiment of the invention;

FIG. 2 is a flow chart of a method for transmitting infor-
mation in a closed-loop multi-antenna system according to an
embodiment of the invention;

FIG. 3 is a flow chart of a method for receiving information
in a closed-loop multi-antenna system according to an
embodiment of the invention;

FIG. 4 is a schematic structural diagram of a transmitting
device according to an embodiment of the invention; and

FIG. 5 is a schematic structural diagram of a receiving
device according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Embodiments of the invention will be described in details
below; and examples of the embodiments to be described will
be illustrated in the drawings throughout identical or similar
reference numerals denote identical or similar elements or
elements with identical or similar functions. The embodi-
ments to be described below with reference to the drawings
are illustrative and merely intended to explain the invention
but will not be construed as limiting the invention.

Firstly a codeword of the invention will be introduced
below, and then a method and device for transmitting/receiv-
ing information in a multi-antenna system according to
embodiments of the invention will be introduced in details in
the form of particular embodiments.

Assumed an MIMO system includes N, transmitting
antennas and N receiving antennas, and the number of ranks
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is r, where is an even number and N,=z1 and rz=1. For the
convenience of a description, firstly the convention of an
antenna indexing method of a dually polarized antenna will
be described. As illustrated in FIG. 1, an antenna indexing
method is to index firstly antennas sequentially in one polar-
ization direction and then antennas sequentially in the other
polarization direction. It shall be noted that a codebook of a
dually polarized antenna system and a designing method
thereof are independent of an antenna indexing method of
dually polarized antennas, and if the convention of the
antenna indexing method is changed, corresponding adjust-
ing of indexes of the antennas in the codebook will suffice.

In an embodiment of the invention, a codeword ¢, in a
Rank-r codebook in a two-stage structure satisfies the follow-
ing relationship:

[@;(:, D@W,(:,1) @p(:,2)@W,(:,2)
" W, W, 1]

QUL DL (:, 1) (L 2wi(:. D) ...
Tlera umi ) @N2 2mLL2)

DL, w(:,p)
D2, W, p)

where @, is a 2xr-dimension matrix, k=0, 1, ..., K -1, w,,”
is a N;/2xr-dimension matrix, m=0, 1, , M,~1, X(:,D)
represents the 1” column of a matrix X, X(1,,1,) represents an
element in the 1,” row and in the 1, column of the matrix X,
and ® represents a direct product of matrices; and a set con-
sists of anumber K, of @, is a transformation codebook of the
codebook in the two-stage structure, and a set consists of a
number M, of w,,” codebook of the codebook in the two-stage
structure.

Since the codebook proposed according to the invention
has a two-stage structure, both a feedback of one PMI and a
feedback of two PMIs can be supported.

Specific codebooks will be described below as examples.
Codebook 1:

In an embodiment of the invention, M;=M,=8.

Basic Codebook:

Rank3 basic Rank4 basic
Index codebook w2 codebook w,,*
0 [Vo Ve Vel [Vo Vo Ve Vel
1 [Vivsvs] [Vivivyvy]
2 [V2 vo Vo] [V2 V2 Vo Vo]
3 [Vavivy] [Vsvav,v]
4 [Vavavy] [Vavavavy]
5 [Vs vavs] [Vs vs V3 V3]
6 [V vaval [Ve Ve vaval
7 [v7vsvs] [v7v7V5vs]
Transformation Codebook:
Rank3 transformation Rank4 transformation
Index k codebook @3 codebook @;*
0 [ 111 } [ 1111 }
11 -1 1 -1 1 -1
1 [ 1 VvZ o0 } [ 1010 }
1o V2 0 Lol
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Codebook 1:
Index Rank3 codebook Rank4 codebook
0 ﬁVG 0 [ Vo 0 Ve 0 }
Vo 0 \/?VG 0 v 0 vg
1 Vi V2 vy 0 [ vi 0 v 0 }
Vi 0 \/?w 0 v 0w
2 vi V2vy 0 [Vz 0w 0 }
Vs 0 \/7\/0 0 v, 0 v
3 V3 V2 Vi 0 [ v3 0 v O }
V3 0 \/7\/1 0 v 00w
4 Vg ﬁVZ 0 [ Va 0 V2 0 }
v 0 \/7\/2 0 v 0 w»
5 Vs V2 Vs 0 [ vs 0 vz O }
Vs 0 \/?\@ O vs 0 v
6 Ve V2 Vg 0 [ ve 0 w 0 }
Ve 0 \/7"4 0 v 0 wy
7 vy V2 Vs 0 [ v; 0 vs O }
V7 0 \/?vs O v 0 s
8 Vo Ve Ve Vo Vo V6 V6
Yo VY6 —Ve Yo —Vo Ve —Vg
9 viovroovg viooviovroovr
viovz —vg Vi —Vvp o vro —vg
10 [ V2 Vo Vo } [ v2 V2 Vg Vo }
V2 Yo —Vo V2 —V2 Vo —Vo
1 [ vs v vy } [ vs vz oviovg }
Vs Vi =V Vs —V3 Vi TV
12 [V4 vy vV } [V4 Vg Vo vV }
Vg Vo =V Vg —Vq Vo —Vp
13 [ vs vz V3 } [ Vs Vs vz v }
Vs V3 —V3 Vs —Vs V3 —V3
14 [VG V4 V4 } [VG Ve V4 Va4 }
Ve V4 —V4 Ve —Ve V4 —V4
15 [ Vi Vs Vs } [ v V7 Vs s }
V7 Vs —Vs Vi —Vvz Vs —Vs
Where:
Index Y,
0 vo=[1111]F
1 vi=[1(1 -J)/wfz S (-1-pN2)T
2 va=[1-j-1]]
3 vy=[1(-1 -J)/w/zj (1-pN2IT



US 8,855,229 B2

7 8
-continued -continued
Index Vn Index Dy
4 vy=[1-11-117
5 ve=[1 (-1 + PVZ -} (1 + W37 5 6
6 ve=[1j-1-j]7 booror
7 vo=[1(L+ V2 j (-1 +)N2JF Qg=|-1+j 1-j -l+j 1-j
V2 N2 V2 V2
It shall be noted that v,, is a truncated 8-DFT vector or any 10
other truncated 25-DFT vector, where 2% is larger than or 7 1 1 1 1
equal to N,/2 and K is a natural number. If a codeword with O =|1-j -1+j 1-j -1+j
the unitary characteristic is constructed, mutually orthogonal V2 V2 V2 V2
column vectors of the codeword w,, of the basic codebook,
corresponding to mutually non-orthogonal columns of the 15
codeword @, in the transformation codebook, will suffice.
For example, first two columns of the codeword
Index Wy
5 11 1 20
®k=[1 1 _1} 0 [Vo vy Vs V]
1 [vivavaval
2 [V2 V3 vy vs]
with k=0 in the transformation codebook of the codebook 1 3 [V3 Va4 Vs Vel
are non-orthogonal, and then first two columns of the code- 25 4 [V Vs Vg V5]
word w, > of the basic codebook shall be kept orthogonal; and 5 [vs v Vo]
1** and 3" columns of and 2”4 and 4” columns of the code- Sretrro
word 6 [Vev7Vovi]
7 [V7vovy Vo]
30
of [ 1111 }
SR 5 G R | Basic Codebook:
with k=0 in the transformation codebook are non-orthogonal, 33 Rankl Rank2 Rank3 Rank4
and then 1%* and 3" columns of and also 2”¢ and 4” columns i bazlc bazlc bazlc bazlc
4 : ndaex coae- code- code- code-
gi Itllclfg Ocr?fleword w,,  of the basic codebook shall be kept m bookw,! bookw,’ book w, > book w, 4
v,, can be applied to codebooks of the following respective 0 wo(s1) [Wo(:1) Wo(5,2)] Wol(,1) wo(3,2) Wo
embodiments. 40 Wo(:,3)]
Codebook 2: Lowibh) G wi2)] i) wi2) w,y
Matrices @, and w,, are defined as follows: wi(3)]
k ” 2wl WD W] W) Wa(n2) Ws
wo(5,3)]
3 wi(:,1) [w3(:,1) wa(:,2)] [w3(1) ws(:,2) ws
Index (s 45 w3(5,3)]
0 4 wa(:,1) [Wa(:,1) wa(:,2)] [Wa(,1) wa(:,2) wy
® = [ Lo } wa(:3)]
1 -1 1 -1 50 ws(sl) [ws(:,1) ws(:,2)] [ws(1) ws(:,2) ws
ws(:,3)]
1 1 1 1 1 50 6 we(s1) [Wel(:1) we(:,2)] [we(:,1) we(:,2) We
q)l—[_l 1 -1 1} we(:,3)]
7 wi(:,1) [w(:,1) wo(:,2)] [w7(1) wol(:,2) wy
wi(:,3)]
2 1 1 11
@, = [ . }
Jo-id-i
55 Transformation Codebook:
3 1 1 1 1
S
-ji i
Rankl Rank2 Rank3 Rank4
4 1 1 1 1 transfor-  transfor- transfor- transfor-
) ) ) ) 60 mation mation mation mation
@y = ﬂ _ ﬂ ﬂ _ L+j Index code- code- code- code-
V2 NI V2 k  book®,! book @, book ®;> book ®;*
5 0 Do(:,1) [Do(:,1) Po:,2)] [Do(:1) Po(:2) Do
1 1 1 1 o(3,3)]
Ds=| 1+j 1+ 1+4j 1+j 65 1 @,(:,1) [D1(:1) @,(:,2)] [@,(1) @,(:2) Dy
— = = —= @3
\/7 \/7 \/7 \/7 l( > )]
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Codebook 2: Codebook 3:

Index Rankl codebook Rank2 codebook Rank3 codehook Rank4 codebook

0 Yo Yo Vi Yo VI V2 Yo Vi V2 V3
Vo Vo —Vi Vo —VvViI V2 Vo —Vi V2 —V3
vioov2
Vi V2
V2 V3
V2 —V3
V3 V4
V3 —Vg
V4 Vs
V4 —Vs
Vs Ve
Vs —Vg
Ve V7
Ve —V7
Vi Vo
v —Vo
Vo V1
—Vo Vi
vioov2
Vi V2
V2 o V3
V2 V3
V3 Vs
—Vv3 Vg
V4 Vs
—V4 Vs
Vs Ve
—Vs V¢
Ve V7
Ve V7

Vi Vo
V7 Vo

Vi V2 Vs Vi vy V3w

Vi —Vvy Vs VI —Vy V3 =V

Vo V3 Vg Vo V3 V4 Vs

Vo —V3 Vg Vo —V3 Vg —Vs

V3 V4 Vs V3 V4 Vs Ve

V3 —V4 Vs V3 —V4 Vs —Vg

va o Vs Ve V4o Vs Vg V7

V4 —Vs Vg V4 —Vs Vg —V7

Vs Ve V7 Vs Ve V1 Vo

Vs —Ve V7 Vs —Ve V1 —Vo

Y6 V7 Vo Y6 V7. Vo Vi

Y6 —V7 Vo Y6 —V7 Vo —Vi

viooVo Vi Vi Vo Vi V2

Vi o —Vo Vi Vi o —Vo Vi —W2

Vo VI V2 Vo Vi V2 V3

—Vo VI —V2 —Vo Vi —V2 V3

Vi V2 Vs Vi V2 V3 owg

-V V2 —V3 —V] V2 —V3 Vg

10 va

-

11 v3
[ —V3 }

12 V4
[ —Vq }

13 Vs
[ —Vs }

14 Ve
[ —Ve }

15 vy
[ V7 }

V2 V3 V4 V2 V3 V4 Vs
—Vy V3 —Wa —Vy V3 —V4 Vs
Vi V4 Vs Vi Va4 Vs Vg
—V3 V4 —Vs —V3 V4 —Vs Vg
Va Vs Ve Va Vs Ve V7
—V4 Vs —Vg —V4 Vs —Vg V7
Vs Ve V7 Vs Ve V7 Vo
—Vs Ve —V7 —Vs Ve —V7 Vo
Y6 V7 Vo Y6 V7 Vo Vi
—Ve¢ V7 —Vo —Ve¢ V7 —Vo Vi

viooVo Vi Vi Yo Vi V2
vz Vo —Vi —Vv7 Vo —ViI V2




The codebook 3 is structured substantially the same as the
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Transformation Codebook:

codebook 2.
Basic Codebook:
Rankl Rank2 Rank3 Rank4
5
Rank1 Rank?2 Rank3 Rank4 transfor-  transfor- transfor- transfor-
basic basic basic basic
Index code- code- code- code- mation mation mation mation
m  bookw,,' bookw,> book w,,,* book w,,,* Index code- code- code- code-
0 wo(s1) [Wo(:1) Wo(5,2)] [wo(,1) wo(5,2) wo k  book®,! book @, book ®;> book ®;*
Wwol(5,3)] 10
1 wi(sl) [w, (1) wy(:,2)] (Wi wi(s2) wy
w,(5,3)] 0 Do(s,1) [Do(:,1) Do:,2)] [@o(:,1) Do(:2) Do
2 wo(s,1) [wa(:,1) wa(:,2)] [Wa(:,1) wa(2,2) w3 Dy(:,3)]
wo(:,3)]
3 ws(:,1) [w3(:,1) wz(:,2)] [wi(:,1) wi(5,2) wy 1 @,(:,1) [@,(:1) @,(:,2)] [@,(:1) @y(:2) @,
§oweD D2l el e : i)
wa(s, wa(:,1) wu(, wa(,1) wa(3,2) wy
w4(5,3)] 2 D) [D(:,1) D5(:,2)] [@5(:,1) Do(:2) D
5 ws(51) [ws(:,1) ws(:,2)] [ws(:,1) ws(:,2) ws Dy(:,3)]
ws(:,3)]
6 we(:,1) [we(:,1) we(2,2)] [we(s,1) we(:,2) wg 3 D5(:,1) [D3(:,1) @3(:,2)] [@3(:,1) @3(:2) Dy
we(:,3)] D5(:,3)]
20 305
7 wo(s,1) [w(:,1) wo(:,2)] [w/(:1) wo(:,2) W,
wi(:,3)]
Codebook 3:
Rankl Rank2
Index codebook codebook Rank3 codebook Rank4 codebook
0 [Vo} [Vo Vi } [Vo Vi Vz} [Vo Vi vz 3 }
Yo Yo —Vi Yo —Vi V2 Yo —Vi V2 —V3
1 [Vl} [Vl v2 } [Vl v2 Vs} [Vl V2 vz Vg }
vy vy =V vy —Vvy V3 Vi —Vp V3 —Vy
2 [ vy } [ vy V3 } [ Vo V3 Vg } [ Vo V3 Vg4 Vs }
Vo Vo —V3 Vo —V3 Vg Vo —V3 V4 —Vs
3 [V3 } [V3 Vg } [V3 V4 Vs } [V3 V4 Vs Vg }
v3 vy —Vy vy —Vvy Vs V3 —Vq Vs —Vg
4 [ Vg } [ V4 Vs } [ V4 Vs Vg } [ V4 Vs Vg V7 }
Vg vy —Vs vy —Vs Vg vy —Vs Vg —V7
5 [Vs} [Vs V6 } [Vs V6 V7} [Vs Ve Vi Vo }
Vs Vs —Ve Vs —Ve V7 Vs —Ve V7 —Vo
6 [Vs} [Vs vz } [Vs vz Vo} [Vs vz Vo Vi }
Ve V6 —V7 Y6 —V71 Vo Y6 —V7 Vo —Vi
7 [W} [V7 Vo } [V7 Vo Vl} [V7 vo Vi V2 }
V7 Vi —Vo Vi —Vo Vi Vi —Vo VI —V2
8 Vo Vo Vi Vo Vi V2 Vo Vi V2 V3
-V —vo Vi —vo Vi —Va —vo Vi —Vy V3
9 [ vy } [ vy vz} [ Vi vy V3 } [ Vi V2 V3 m}
-V =V V2 =V V2 —=V3 =V V2 =V3 Vi
10 [ vy } [ vy \@} [ Vo V3 Vg } [ Vo V3 Vg vs}
-V —vy v —Vvy vz —Vy —Vvy V3 —V4 Vs
11 [ V3 } [ V3 \q} [ V3 V4 Vs } [ V3 Vg Vs VG}
-3 —v3 vy —v3 V4 —Vs —v3 V4 —Vs Vg
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-continued
Rankl Rank2
Index codebook codebook Rank3 codebook Rank4 codebook
12 [ Vg } [ Vg vs} [ V4 Vs Vg } [ V4 Vs Vg w}
—Vy —Vy Vs —Vy Vs —Vg —Vy Vs —Vg V7
13 [ Vs } [ Vs VG} [ Vs ve V7 } [ Vs ve V7 Vo}
—Vs —Vs Vg Vs Vg —V7 —=Vs Vg —V7 Vo
14 Ve Ve V7 Ve V7 Vo Ve V7 Vo Vi
—Ve -V V7 —Ve V7 —Vo —Ve V7 —Vo Vi
15 [ v7 } [ vz Vo} [ vz vo vy } [ vz vo vy Vz}
V7 —v7 Vo vz Vo —Vi V7 Vo —ViI V2
16 [ Vo } [ Vo Vi } [ Vo Vi vy } [ Vo Vi vy V3 }
o e —jvy fvo =ive jv, o —jvi v —ivs
17 [ Vi } [ Vi vy } [ Vi vy V3 } [ Vi vy V3 Vg }
vy vy =i vy o=ivy jvs Vi o—gvy vy =i
18 [ V2 } [ V2 V3 } [ V2 V3 V4 } [ V2 V3 V4 Vs }
iva vy —jvs vy =ivs vy o —jvs g —Jvs
19 [ V3 } [ V3 V4 } [ V3 V4 Vs } [ V3 V4 Vs Ve }
jV3 jV3 _jV4 jV3 _jV4 jV5 jV3 _jV4 jvs _jV6
20 [ V4 } [ V4 Vs } [ V4 Vs Ve } [ V4 Vs Ve V7 }
vy e —vs vy =jvs jvs Ve —Jvs Jve —ivg
21 [ Vs } [ vs Vg } [ Vs ve V7 } [ vs Ve vz Vo }
ivs s —Jve vs —ive Jv; Vs —Jve Jv7 —ivg
22 [ V6 } [ ve V7 } [ Ve v Vo } [ Ve vz vo Vi }
ive Ve —Jjvg ve —ivs v Ve —Jvi o —ivi
23 [ V7 } [ V7 Vo } [ V7 Vo Vi } [ V7 Vo Vi vy }
v v = vr =ive vy WV o =ve v —iv
24 [ Vo } [ vo Vi } [ vo vi V2 } [ vo vi vz v3 }
=Jvo —ive vy —ive v = = v —jva Jvs
25 [ N } [ Vi vy } [ Vi vy V3 } [ Vi vy V3 Vg }
- - v =i v, —jvs =Jvi vy =ivs vy
26 [ v } [ Vo V3 } [ Vo V3 Va } [ Vo V3 Va Vs }
—iv —iva Jvs =2 vz —jv =va Vs —jvg Jvs
27 [ V3 } [ V3 V4 } [ V3 V4 Vs } [ V3 V4 Vs Ve }
—Jjvs —jvs vy —Jvs v —Jvs —ivs Jvq —jvs Jve
28 [ Va } [ V4 Vs } [ V4 Vs Ve } [ V4 Vs Ve V7 }
—Jvy —jvy Jvs —jvy Jvs —Jjvg Vs Vs —Jve Jv;
29 [ Vs } [ Vs Vs} [ vs Ve vy } [ vs Ve V7 VO}
= Jjvs —Jjvs Jve —jvs ve —jv; —ivs Jve —jv v
30 [ ve } [ Ve w} [ ve V7 wo } [ ve vz vo Vi }
= Jve —ive v —ive vz —jv —ive v —jvo vy
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16

-continued
Rankl Rank2
Index codebook codebook Rank3 codebook Rank4 codebook
31 [w} [V7 vo} [w vo v1} [W vo Vi w2
_jv7 _jv7 jVO _jv7 jvo _jvl _jV7 jVo _jV1 jV2
10

In other embodiments of the invention, codebooks result-
ing from column-exchange of the foregoing codebooks can
also be applied in the invention. For example:

Codebook 4 (Resulting from Column-Exchange of the Code-
book 1):

Index Rank3 codebook Rank4 codebook
0 Vo EVG 0 [ vo 0 vg O }
Vo 0 \/EVG 0 v 0 v
1 Vi V2 vy 0 [ vi 0 vz O }
vy 0 \/7 vy 0 v 0w
2 V2 \/j\/() 0 [ v 0w O }
v 0 \/7\/0 0 v, 0 v
3 V3 V2 Vi 0 [ v 0 v 0 }
Vs 0 \/7 vy 0 v 0w
4 Va \/?Vz 0 [ v 0 vy 0 }
v 0 \/7\/2 0 v 0 w»
5 Vs V2 V3 0 [ vs 0 vz 0 }
Vs 0 \/7 Vs 0 vs 0 v
6 Ve \/7\/4 0 [ ve 0 v O }
Ve 0 \/?\/4 0 v 0 wy
7 vy V2 Vs 0 [ v; 0 vs O }
vy 0 \/7 Vs 0 v 0 s
8 [ Vo V6 Ve } [ Ve Vo Ve Vo }
Yo VY6 —Ve Y6 Yo —Ve —Vo
9 [ Vi ovioovg } [ vz oviov;oov }
viovz —vg L U & A 6
10 [ V2 Vo Vo } [ Vo V2 Vo V2 }
V2 Yo —Vo Yo V2o —Vo —V2
1 [ vs v vy } [ vi vz Vi v }
Vs Vi~V Vi V3 —Vp —V3
12 [V4 vy vV } [vz Vg Vy o Vg }
Vg Vo —Vp Vo V4 —Vp —V4
13 [ Vs V3 V3 } [ V3 Vs V3 Vs }
Vs V3 —V3 Vs Vs —V3 —Vs

20
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-continued
Index Rank3 codebook Rank4 codebook
14 Ve V4 Vg V4 Ve V4 Vg
Ve V4 —V4 V4 Vg —V4 —Vg
15 V7 Vs Vs Vs v Vs vy
Vi Vs —Vs Vs V7 —Vs —V7

Codebook 5 (Resulting from Column-Exchange of the Code-
book 2):

Rankl Rank2 Rank3 Rank4
Index codebook  codebook codebook codebook

0 vo vo Vi vo vi v2] [vo vi v2 v
Vo Vo —Vi Vo —Vi V2 Vo —VI V2 —V3

1 Vi Vi V2 Vi V2 V3 Vi V2 V3 V4
vy v =V, VI =V V3 VI =V V3 —Vy

2 V2 V2 V3 V2 V3 Vg V2o V3 V4 Vs
V2 V2 —V3 V2 TV3 Vg V2 —V3 Va4 Vs

3 V3 V3 Vg V3 V4 Vs V3 V4 Vs Vg
V3 V3 —Vy V3 —Vq Vs V3 —Vq4 Vs —Vg

4 V4 V4 Vs Va Vs V6 Va Vs Ve V7
V4 V4 —Vs Va —Vs Ve V4 —Vs Ve —V7

5 Vs Vs Ve Vs Ve V7 Vs Ve V1 Vo
Vs Vs —Ve Vs —Ve V71 Vs —Ve V7 —Vo

6 Ve Ve V7 Y6 V7 Vo Y6 V7 VYo Vi
Ve Ve —V7 Ve —V7 Vo Ve —V7 Vo —V1

7 V7 Vi Vo Vi Vo Vi Vi Yo Vi V2
v7 v —Vo Vi o —vo W1 Vi o —Vo Vi —W2

8 vo Vi Vo vo viom vo i n
—Vo Vi —Vo —Vo VI —V2 —Vo Vi —V2 V3
9 Vi V2 Vi Vi V2 V3 Vi V2 V3 V4
-V v, =V —Vy V2 —V3 —Vy V2 —V3 Vg

10 123 V3 v Vo V3 Vg Vo V3 Vg4 Vs
-V, V3 =V, -V V3 —Vy —Vy V3 —V4 Vs
11 V3 vy V3 V3 V4 Vs V3 V4 Vs Vg
—v3 V4 —V3 —V3 V4 —Vs —V3 V4 —Vs Vg



US 8,855,229 B2
17 18

-continued -continued
Rank1 Rank2 Rank3 Rank4 Rankl Rank?2 Rank3 Rank4
Index codebook  codebook codebook codebook Index codebook  codebook codebook codebook
3 14 [ Ve } [V7 Ve } [ Ve V7 Vo } [ Ve V7 Vo vl}
12 va Vs V4 Vo Vs Ve va Vs Ve VT —V6 V7 =V V6 V7 —Vo —V6 Vi —Vo Vi
—vy Vs —vg4 —v4 Vs —Vs —v4 Vs —Vg V7
15 [W} [Vo V7} [V7 Vo Vl} [V7 vo Vi Vz}
13 Vs Ve Vs Vs ve V7 vs ve Vi Vo] 10 -z vo —V7 -v7 Vo —Vi —v7 Vo =V V2
[—VJ [Vs —VJ [—Vs Ve —V7} [—Vs V6 —V7 Vo}
Codebook 6 (Resulting from Column-Exchange of the Code-
book 3):
Rankl Rank2 Rank3 Rank4
Index codebook codebook codebook codebook

"L
[
[
N
N
[
[
N

[Vo Vi vz Vs}

Vo Vi Va
Vo —VI Va Vo —Vvp vy —V3
Vi V2 V3
Vi =V V3
Vo V3 Vg
Vo —V3 Vg
V3 V4 Vs
V3 —Vq Vs
V4 Vs Vg
V4 —Vs5 Vg
Vs Ve V7
Vs —Ve V7
Ve Vi Vo
V¢ —Vi Vo
V7 Vo Vi
Vi o=V V]
Yo Vi V2
Vo VI -V
Vi V2 V3
Vi V2 —V3
Vo V3 Vg
V2 V3 —V4
V3 V4 Vs
—V3 V4 —Vs
Va Vs Ve
—V4 Vs —Vs¢
Vs Ve V7
—Vs Ve —V7
Ve Vi Vo
Ve V7 —Vo

vz Vo W1
vz Vo —Vi

Yo Vi
Yo —Vi
vioov2
Vi V2
V2 V3
Vo —V3
V3 Vs
V3 —Vg
V4 Vs
V4 —=Vs
Vs Ve
Vs —Ve
Ve V7
Ve —V7
V7 Vo
V7 =V
i Vo
v =V
VooV
Vo —Vvp
Vs V2
Vs —V2
V4 o V3
V4 —V3
Vs Va
Vs —V4
Ve Vs
Ve —Vs
Vi Ve
vz —Vg

Vo V7
Yo —V7

[vl vy V3 \q}

VI =V V3 —Vy

[vz V3 vy vs}

Vo —V3 V4 —Vs

[V3 V4 Vs VG}

V3 —Vq4 Vs —Vg

[V4 Vs Vg w}

V4 —=V5 Vg —V7

[Vs ve V7 Vo}

Vs =V V7 —Vo

[Vs vz Vo Vl}

V6 —V7 Vo —Vi

[V7 vo Vi Vz}

Vi —Vo VI —V2

[Vo Vi vz Vs}

—Vo Vi —V2 V3

[vl vy V3 \q}

-V Vo —V3 Vg
10 vy
[—Vz}
11 Vs
[—Vs}
12 va
)
13 Vs
)
14 Ve
)
15 vy
[-W}

[vz V3 vy vs}

—Vy V3 —V4 Vs

[V3 V4 Vs VG}

—V3 V4 —Vs Vg

[V4 Vs Vg w}

V4 Vs —Vg V7

[Vs Ve V7 Vo}

—Vs Ve —V1 Vo

[VG vz Vo Vl}

—Ve V7 —Vo Vi

[V7 vo Vi Vz}

—Vv7 Vo —ViI V2
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20

-continued
Rankl Rank2 Rank3 Rank4
Index codebook codebook codebook codebook
16 [ Vo } [ vo o Vi } [ vo vi wm } [ vo v va w3 }
o vg —ivy Vo =Jvy v, o =Jvi Jvy —Jws
17 [ Vi } [ Vi V2 } [ Vi V2 V3 } [ Vi V2 V3 V4 }
vy vy =i vy o=ivy jvs Vi o—gvy vy =i
18 [ vy } [ vy V3 } [ vy V3 Vg } [ vy V3 Vg Vs }
iva vy —jvs vy =ivs vy o —jvs g —Jvs
19 [ V3 } [ V3 Vg } [ V3 Vg Vs } [ V3 Vg Vs Ve }
ivs vz = vy Jvs =ivy s v —jva Jvs —Jvs
20 [ Vg } [ Vg Vs } [ Vg Vs Ve } [ Vg Vs Ve V7 }
vy e —vs vy =jvs jvs Ve —Jvs Jve —ivg
21 [ Vs } [ vs Vg } [ Vs ve V7 } [ vs Ve vz Vo }
ivs s —Jve vs —ive Jv; Vs —Jve Jv7 —ivg
22 [ Ve } [ Ve V7 } [ Ve V7 Vo } [ Ve V7 Vo Vi }
ive Ve —Jjvg ve —ivs v Ve —Jvi o —ivi
23 [ vz } [ vz Vo } [ vz ovo Vi } [ vi vo v vz }
v v = vr =ive vy WV o =ve v —iv
24 [ Vo } [vl vo } [ vo vi wm } [ vo v w2 %}
=Jvo i o= —ive v = = v —jva Jvs
25 [ Vi } [ V2 Vi } [ Vi V2 V3 } [ Vi V2 V3 V4 }
-jv vy =g =i v, —jvs =i vy —jvs vy
26 [ V) } [ V3 vy } [ vy V3 Vg } [ vy V3 Vg Vs }
—Jjv2 Jvs —jvy —ivy vy —jvy —ivy vy —jvq Jvs
27 [ V3 } [ Vg V3 } [ V3 Vg Vs } [ V3 Vg Vs Ve }
—Jjvs Wy —Jjvs —Jvs v —Jvs —ivs Jvq —jvs Jve
28 [ Vg } [ Vs Vg } [ Vg Vs Ve } [ Vg Vs Ve V7 }
—Jvs Vs —jva vy Jvs —jve =y Jvs —jve Vs
29 [ Vs } [ Ve Vs } [ Vs ve V7 } [ Vs Ve V1 Vg }
= Jjvs ve —Jjvs —jvs ve —jv; —ivs Jve —jv v
30 [ Ve } [ vz Vv } [ Ve v Vo } [ ve vz vo Vi }
= Jve v —Jve —ive vz —jv —ive v —jvo vy
31 [ v7 } [ vo V7 } [ vz ovo Vi } [ v vo Vi V2 }
—Jjv7 Vo —Jjvg =i o =i —v; o —jvi v

As illustrated in FIG. 2, which is a flow chart of a method
for transmitting information in a multi-antenna system
according to an embodiment of the invention, the method
includes the following steps.

S201: A transmitting device receives information includ-
ing codeword index information transmitted from a receiving
device and extracts the codeword index information there-
from. Specifically, in order to know the channel condition, the
transmitting device receives a Channel Quality Indicator
(CQI), a selected Rank, a selected codeword and other infor-
mation fed back from a remote receiver. Such information of

60

65

the CQJ, the selected Rank and the selected codeword will be
used in a subsequent transmission process.
In the embodiment of the invention, a codeword ¢,,” code-
book satisfies the following relationship:
e =BG ® w, 1) B (2)® W, (2)
@7 () ),

where @, is a 2xr-dimension matrix, k=0, 1, .. . , K -1, w,,”
is a Nj/2xr-dimension matrix, m=0, 1, . . . , M,~1, X(:,])
represents the 1 column of a matrix X, and ® represents a
direct product of matrices; and a set consists of a number K,
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of @, is a transformation codebook of the codebook in the
two-stage structure, and set consists of a number M, ofw,, " is
a basic codebook of the codebook in the two-stage structure.
Therefore, the fed-back codeword index information can be
the codeword index n in the codebook, the codeword indexes
k and m in the transformation codebook and the basic code-
book, or another combination of k and m. In the codebook 3,
for example, if the fed-back codeword index information is
ne{0, ..., 31}, a corresponding codeword can be retrieved
directly from the codebook; and if the fed-back codeword
index information is ke{0, . . . , 3} and me{0, . . . , 7}, a
corresponding codeword can also be retrieved from the code-
book; and also since the codeword in this codebook satisfies
the following characteristic:

(1N /2, ) } 1 1<7
ch = , where f(l):{ . an
(N7 /24 1:Np, 0) j I>7

@ =[O DOW, (1 1) W D@w,(:.D) ..

where X(1,,1,,:) represents a matrix consists of the 1,” to 1,”
row vectors in the matrix X, therefore, if the fed-back code-
word index information is 1e{0, . . ., 15} and (1), a corre-
sponding codeword can also be retrieved from the codebook.

S202: The transmitting device selects a corresponding
codeword from a codebook in a two-stage structure according
to the codeword index information, and all of the foregoing
codebooks 1 to 5 can be applied in this embodiment.

S203: The transmitting device performs a transformation
process (e.g., a zero-forcing process, etc.) based upon the
codeword to obtain a pre-coding matrix. Of course, the cor-
responding codeword can alternatively be taken directly as a
pre-coding matrix in another embodiment.

S204: The transmitting device pre-codes data to be trans-
mitted according to the pre-coding matrix.

S205: The transmitting device transmits the pre-coded data
to the receiving device.

As illustrated in FIG. 3, which is a flow chart of a method
for receiving information in a multi-antenna system accord-
ing to an embodiment of the invention, the method includes
the following steps.

S301: A receiving device receives information transmitted
from a transmitting device.

S302: The receiving device estimates channel state infor-
mation according to the received information.

S303: The receiving device selects a corresponding code-
word from a codebook in a two-stage structure according to
the channel state information, and all of the foregoing code-
books 1 to 5 can be applied in this embodiment.

S304: The receiving device generates codeword index
information of the selected codeword. Like the foregoing
embodiment, since the codeword satisfies the following rela-
tionship:

/=10 DB W, () BT ® w2
DA w, (1

where @, is a 2xr-dimension matrix, k=0, 1, ..., K -1, w,,”
is a N;/2xr-dimension matrix, m=0, 1, . . . , M,~1, X(:,])
represents the 1 column of a matrix X, and ® represents a
direct product of matrices; and a set consists of a number K,
of @,” is a transformation codebook of the codebook in the
two-stage structure, and a set consists of a number M, of w,,”
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is a basic codebook of the codebook in the two-stage struc-
ture, therefore the generated codeword index information can
be the codeword index n in the codebook, the codeword
indexes k and m in the transformation codebook and the basic
codebook, or another combination of k and m. In the code-
book 3, for example, the fed-back codeword index informa-
tion can be nef0, . . ., 31}; or the fed-back codeword index
information can be ke{0, . . ., 3} and me{0, ..., 7}, and a
transmitting device can retrieve a corresponding codeword
from the codebook according to either the codeword index n
or the combination of the codeword indexes k and m; and also
since the codeword in this codebook satisfies the following
characteristic:

DL, WL, 1]

c(LiNF /2,0 } 1 1<7

ch = ,where f()=< . an
FOGN [2+1: N7, ) {/ 1>7
(O, DOW,(:, 1) §p(:,2)@n(:,2) ...

DL, nQwL(:, )]

5

c; =

-
t

where X(1,:1,,:) represents a matrix consists of the 1, to 1,”
row vectors in the matrix X, therefore if the fed-back code-
word index information is 1€{0, . . ., 15} and f(1), the trans-
mitting device can also retrieve a corresponding codeword
from the codebook.

S305: The receiving device transmits information includ-
ing the codeword index information to the transmitting
device.

Reference is made to FIG. 4 illustrating a schematic struc-
tural diagram of a transmitting device according to an
embodiment of the invention, which includes a receiving
module 110, a codebook storing module 120, a codeword
determining module 130, a pre-coding matrix calculating
module 140, a pre-coding module 150 and a transmitting
module 160. The receiving module 110 is configured to
receive information including codeword index information
transmitted from a receiving device. The codebook storing
module 120 is configured to store a codebook in a two-stage
structure. The codeword determining module 130 is config-
ured to select a corresponding codeword from the codebook
in the two-stage structure stored in the codebook storing
module 120 according to the codeword index information.
The pre-coding matrix calculating module 140 is configured
to generate a pre-coding matrix according to the selected
codeword, for example, perform a transformation process
(e.g., zero-forcing process, etc.) based upon the codeword to
obtain a pre-coding matrix or take the corresponding code-
word directly as a pre-coding matrix. The pre-coding module
150 is configured to pre-code data to be transmitted according
to the pre-coding matrix. The transmitting module 160 is
configured to transmit the pre-coded data to the receiving
device.

Reference is made to FIG. 5 illustrating a schematic struc-
tural diagram of a receiving device according to an embodi-
ment of the invention, which includes a receiving module
210, a channel estimating module 220, a codebook storing
module 230, a codeword selecting module 240, a codeword
index information generating module 250 and a transmitting
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module 260. The receiving module 210 is configured to
receive information transmitted from a transmitting device.
The channel estimating module 220 is configured to estimate
channel state information according to the information
received by the receiving module 210. The codebook storing
module 230 is configured to store a codebook in a two-stage
structure. The codeword selecting module 240 is configured
to select a corresponding codeword from the codebook in the
two-stage structure according to the e channel state informa-
tion. The codeword index information generating module 250
is configured to generate codeword index information of the
selected codeword. The transmitting module 260 is config-
ured to transmit information including the codeword index
information to the transmitting device.

In the foregoing solutions proposed according to the
embodiments of the invention, a formed and used codebook
matches as closely as possibly a channel distribution charac-
teristic of a dually polarized antenna to minimize a perfor-
mance loss due to quantization of the codebook, thereby
improving effectively the performance of a pre-coding sys-
tem. Furthermore, the codebook proposed by the invention
has a two-stage structure and can support both a feedback of
one PMI and a feedback of two PMIs.

Those ordinarily skilled in the art can appreciate that all or
a part of the steps in the methods according to the foregoing
embodiments of the invention can be perfumed in program
instructing relevant hardware, which may be stored in a com-
puter readable storage medium and which upon execution can
perform one or combination of the steps in the methods
according to the embodiments.

Furthermore, the respective functional elements in the
respective embodiments of the invention can be integrated in
aprocessing module or can physically exist separately or two
or inure of the elements can be integrated in a module. The
integrated module can be embodied in the form of hardware
or in the form of a software functional module. If the inte-
grated module is embodied in the form of a software func-
tional module and sold or used as a separate product, it can be
stored in a computer readable storage medium.

The storage medium mentioned above can be a read only
memory, a magnetic disk, an optical disk, etc.

The foregoing description is merely illustrative of the pre-
ferred embodiments of the invention, and it shall be pointed
out that those ordinarily skilled in the art can further make
several adaptations and modifications without departing from
the principle of the invention and these adaptations and modi-
fications shall also be construed as coming into the scope of
the invention.

The invention claimed is:
1. A method for transmitting information in a closed-loop
multi-antenna system, comprising:

receiving, by a transmitting device, information compris-
ing codeword index information transmitted from a
receiving device;

selecting, by the transmitting device, a corresponding
codeword from a codebook in a two-stage structure
according to the codeword index information;

generating, by the transmitting device, a pre-coding matrix
from the selected codeword;

pre-coding, by the transmitting device, data to be transmit-
ted according to the pre-coding matrix; and

transmitting, by the transmitting device, the pre-coded data
to the receiving device;

wherein a codeword ¢, in the codebook in the two-stage
structure satisfies the following relationship:

25

30

35

40

45

50

55

60

65

24
[Q(:, DOw,(:, 1) (1, 2)@w,(:,2) ...
c, = .
" (L, @W,(:, 1]
QL Dwl, (. 1) (L, 2w (1, 2) ... DL, wL (L)
Tlere w1 G2 L B WL )
wherein ®,” is a 2xr-dimension matrix, k=0, 1, ..., K-1,

w,,” 1s a N/2xr-dimension matrix, m=0, 1, ... , M, -1, r
is the number of Ranks, N ,.is the number of transmitting
antennas, X(:,1) represents the 1 column of a matrix X,
X(1,,1,) represents an element in the 1,” row and in the
1,” column of the matrix X, and ® represents a direct
product of matrices; and a set consists of a number K of
@, is a transformation codebook of the codebook in the
two-stage structure, and a set consists of a number M of
w,,” 1s abasic codebook ofthe codebook in the two-stage
structure.

2. The method for transmitting information in a closed-
loop multi-antenna system according to claim 1, wherein a
column vector of the matrix w,,” is a truncated 2%-DFT vector,
and wherein 25=N,/2 and K is a natural number; and if ¢, is
a codeword with a unitary characteristic, column vectors of
the codeword w,,” of the basic codebook, corresponding to
mutually non-orthogonal columns of the codeword ®,” in the
transformation codebook, are mutually orthogonal.

3. The method for transmitting information in a closed-
loop multi-antenna system according to claim 2, wherein with
N,=8, the matrix ®,” takes its values selected from all or a part
of matrices in Table 1 below or first r columns in all or a part
of matrices in Table 2 below, and the matrix w,,” takes its
values selected from all or a part of matrices in Table 3 below
or first r columns in all or a part of matrices in Table 4 below:

Table 1 is:

Rank3 transformation Rank4 transformation

Index k codebook @3 codebook @,
0 111 11 1 1
11 -1 1 -11 -1
1 [1 V2 oo } [1 01 0}
10 V2 010t
Table 2 is:
Index Dy
0 11 1 1
el
1 -11 -1
1 11 1 1
(I)1=
-1 1 -11
2 11 1 1
®2=[ L }
J =57 =]
3 11 1 1
®3=[ S }
=JJ =7 J
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-continued estimating, by the receiving device, channel state informa-
tion according to the information;
Index ;. selecting, by the receiving device, a corresponding code-
4 ) ) ) ) word from a codebook in a two-stage structure accord-
) 5 ing to the channel state information;
R s L A S| generating, by the receiving device, codeword index infor-
a V2 V2 a mation of the selected codeword; and
s . . . . transmitting, by the receiving device, the codeword index
) ) ) ) information of the codeword to the transmitting device;
Os=| _1+j 14 1+j 1+] 19 wherein a codeword ¢,/ in the codebook in the two-stage
V2 V2 V2 V2 structure satisfies the following relationship:
6 1 1 1 1
Po=| Z1+j 1= —1+j 1-J CO LG D@ D KL D@,
v V2 V2 2 Loa= Yz, N@WL(:, 1] ’
7 | | | | ~ (1, Dw,(:, 1) (L, 2mi,(:,2) ... O, rw,(:,n
O =|1-j —14j 1-j 14/ TLON2, D, 1) DL, 2w (5, 2) . DL, P (s, 1)
V2o V2 V2 2 -
wherein ®,” is a 2xr-dimension matrix, k=0, 1, ..., K-1,
Table 3 is: w,,”1s a N/2xr-dimension matrix, m=0, 1, ..., M, -1, r
is the number of Ranks, N -is the number of transmitting
antennas, X(:,1) represents the 1” column of a matrix X,
Ranks3 basic Rank4 basic 25 X(1,,1,) represents an element in the 1,” row and in the
Index codebook w,, codebook w,,* L,” column of the matrix X, and @ represents a direct
5 T T prodpct of matrices,. and a set consists of a number.K, of
1 [VT Vj V‘;] [VT V(l) V‘; Vj] @,” is a transformation codebook Qf the codebook in the
5 [V Vo Vol [V2 V5 Vo Vol two-stage structure, and a set consists of a number M of
3 [vsvivi] [v3V3Vvivi] 30 w,,” 1s abasic codebook of the codebook in the two-stage
4 [Vavavs] [Vavavavo] structure.
2 KZ Zz :ﬂ KZ ZZ Zi :ﬂ 6. The method for receiving information in a closed-loop
7 [v; Vs Vs] [v; V7 Vs V], multi-antenna system according to claim 5, wherein a column
vector of the matrix w,,” is a truncated 25-DFT vector, and
and Table 4 is: 35 Wherein 2K;NI/2 apd Kisa natu.ra! number; and if ¢,” is a
codeword with a unitary characteristic, column vectors of the
codeword w,,,” of the basic codebook, corresponding to mutu-
Index w ally non-orthogonal columns of the codeword ®,” in the
- transformation codebook, are mutually orthogonal.
0 Wo=[Vo vy V2 V3] 40 1. The method for receiving information in a closed-loop
i gl - Kl 32 33 34} multi-antenna system according to claim 6, wherein with
3 Wi _ [Vj Vz V‘; VZ | N,=8, the matrix ®,” takes its values selected from all or a part
4 W= [V4 Vs Ve V7] of matrices in Table 1 below or first r columns in all or a part
5 Ws = [Vs Ve V7 Vol of matrices in Table 2 below, and the matrix w,,” takes its
g gﬁ: KG 37 ZO ZI} 45 Vvalues selected from all or a part of matrices in Table 3 below
;e or first r columns in all or a part of matrices in Table 4 below:
Table 1 is:
wherein:
50 Rank3 transformé;tion Rank4 transformition
Index v, Index k codebook Py, codebook @y
0 vo_[1111T 0 111 11 1 1
e R
3 v3_[1( 1-J)/w/2] (1-pN2)t
4 vy=[1-11- 1\/ - 55 1 [1 NEY 0} [1010}
2 ZZ_HJ(_llJ:J)/ 2-j 1+ V2" Lo VT 0101
7 vo=[1 1 +)NZj (-1 +)N2]%
Table 2 is:
4. The method for transmitting information in a closed- 60
loop multi-antenna system according to claim 1, wherein the
codebook in the two-stage structure comprises a codebook Index @,
resulting from column exchange.
5. A method for receiving information in a closed-loop 0 o = [ 1111 }
multi-antenna system, comprising: 65 LN RS S QS

receiving, by a receiving device, information transmitted
from a transmitting device;
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-continued -continued
Index Dy Index Y,
1 1111 6 ve=[1j-1-l”
<I>1—[_1 _ 1} 5 7 vy =1+ PV j (=1 + )N
2 1111 8. The method for receiving information in a closed-loop
@, = . . . ;
[ i -j - /} multi-antenna system according to claim 5, wherein the code-
10 book in the two-stage structure comprises a codebook result-
3 1111 ing from column exchange.
D3 = . . .. ..
[ -jJj =i } 9. A transmitting device, comprising a receiving module, a
codeword determining module, a pre-coding matrix calculat-
4 1 1 1 1 ing module, a pre-coding module and a transmitting module,
Qu=|1+j 1+ 1+j 1+ 15 wherein:
VI VI VI 2 the receiving module is configured to receive information
comprising codeword index information transmitted
5 1 1 1 1 from a receiving device;
Qs=| L+j 1+j 1+j 1+j the codeword determining module is configured to select a
vz V. VI vz 20 corresponding codeword from a codebook in a two-
stage structure according to the codeword index infor-
6 1 1 1 1 mation;
Qg=| —1+j 1—j —1+j 1-j the pre-coding matrix calculating module is configured to
NN N 25 generate a pre-coding matrix according to the selected
codeword;
7 1 1 1 1 the pre-coding module is configured to pre-code data to be
Q= 1-j —1+j 1-j —-1+j|, transmitted according to the pre-coding matrix; and
VI VI VI V2 the transmitting module is configured to transmit the pre-
30 coded data to the receiving device;
) wherein a codeword ¢, in the codebook in the two-stage
Table 3 is: structure satisfies the following relationship:
Index cRoaii{kfogisi;nf cRoaii{bAlogisi;m‘l 35 o= [Pl D@, 1) G D@3, 2) e
" L, N@W,(:, )] ’
(1) Ki’i‘;i‘j {ZTZTZ‘;Z‘;} C[OUL LW D QLWL D) e QUL WG )
2 [v2 vo Vol [v2 V2 Vo Vo] - D2, D, (1, 1) D2, 2w (:,2) ... DL2, wL(:,p)
3 [Vavivi] [Vavavivi]
4 [Vavavy] [Vavavavy] 40
2 ACREREY Vs ¥5 V3 V3] wherein @, is a 2xr-dimension matrix, k=0, 1, .. . , K -1,
[Ve Vaval [Ve Ve Vaval . . . . 4
7 [vyvsvs] [v7 V5 Vs Vs], w,,” 1s a N/2xr-dimension matrix, m=0, 1, ... , M, -1, r
is the number of Ranks, N-is the number of transmitting
. antennas, X(:,1) represents the 1 column of a matrix X,
and Table 4 is: 45 X . P .
(1,,1,) represents an element in the 1,” row and in the
1,” column of the matrix X, and ® represents a direct
Index w product of matrices, and a set consists of a number K of
“ @, is a transformation codebook of the codebook in the
? Wo= KO M ZS} S0 two-stage structure, and a set consists of a number M, of
5 Wi _ [V; Vi Vz V:] w,,” is a basic codebook of the codebook in the two-stage
3 W3 = [V3 V4 Vs V] structure.
4 Wq=[V4 Vs Ve V7] 10. The transmitting device according to claim 9, wherein
2 g; KZ Z‘; ZZ :ﬂ a column vector of the matrix w,,” is a truncated 2°-DFT
7 Wy = [V4 Vo vy Val, s5 vector, and wherein 2*=N /2 and K is a natural number; and
if ¢,” is a codeword with a unitary characteristic, column
. vectors of the codeword w,,” of the basic codebook, corre-
wherein: sponding to mutually non-orthogonal columns of the code-
word ®,” in the transformation codebook, are mutually
Index v 60 orthogonal. e . . . .
i 11. The transmitting device according to claim 10, wherein
0 vo=[1111]F with N,=8, the matrix ®,” takes its values selected from all or
1 vi=[a- J)/‘/Tj - (1= 2T a part of matrices in Table 1 below or first r columns in all or
; Zi - H Z L iJJ]) NT (1= NI a part of matrices in Table 2 below, and the matrix w,,” takes
4 Va=[l-11-1]7 65 its values selected from all or a part of matrices in Table 3
5 vs=[1 (-1 +DVZ -j (1 + PNZIT below or first r columns in all or a part of matrices in Table 4

below:
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Table 1 is: —continued
Rank3 transformation Rank4 transformation Index Wi
Index k codebook @3¢ codebook @,* 4
5 Wa=[V4 V5 Ve Vq]
0 111 1111 5 Ws=[V5 Ve V7 Vo]
[ } [ } 6 We=[Ve V7 Vo V1]
11 -1 1 -1 1 -1 7 Wy =[v7 Vo V) V2],
1 1010 .
[ L V2 0 } [ } wherein:
1 0 \/7 0101 10
Index Y,
Table 2 is:
0 vo=[1111]"
s 1 vi=[1-pNZ-j (-1 -pHNZT
Index D, 2 vo=[1-j-1j1*
3 vi=[1 (-1 -)PNZj (1 - V2T
0 11 1 1 4 va=[1-11-1" ~
Q=1 5 vs=[1 (-1 +)NZ - 1 +HVZIT
6 ve=[1j-1-j17
7 vo=[1 1 +)NZj 1+ )2
1 1111 20
& = [ 11 11 }
12. The transmitting device according to claim 9, wherein
2 L1011 the codebook in the two-stage structure comprises a code-
0, = [ i —j} book resulting from column exchange.
25 13. A receiving device, comprising a receiving module, a
3 L1 11 channel estimating module, a codeword selecting module, a
s = [—j i j} codeword index information generating module and a trans-
mitting module, wherein:
4 1 1 1 1 the receiving module is configured to receive information
Dy=|14j 1+j 14j 1+j 30 transmitted from a transmitting device;
4 = . . . .
R the channel estimating module is configured to estimate
channel state information according to the information;
5 1 1 1 1 the codeword selecting module is configured to select a
Os=| 14j 14] 1+) 14 corresponding codeword from a codebook in a two-
5= . .
v = 3 stage structure according to the channel state informa-
tion;
6 L L L L the codeword index information generating module is con-
ool mlai 1—i -1+ 1-; figured to generate codeword index information of the
6= \/_J TJ \/_J TJ 2 selected codeword; and
2 2 2 2 the transmitting module is configured to transmit the code-
4 . . . . word index information of the codeword to the transmit-
) ) ting device;
Rl el el Bl el wherein a codeword ¢,” in the codebook in the two-stage
2 V2 V2 V2 45 structure satisfies the following relationship:
Table 3 is: =[0G D@W L D) B @M. 2) oo B N@W(: )]
Rank3 basic Rank4 basic (1, Dw,(:, 1) @ (1, 2w),(:,2) ... DL(L, nwl,(:, 1)
Index codebook w,,> codebook w,,* 50 - L2, w1, 1) @F2, 2w, (1, 2) ... Bp(2, w(:, 1),
0 [Vo Ve Vel [Vo Vo Ve Vs]
1 . . . . .
5 K; ZZ Z:j K; Z; ZZ Zg wherein @, is a 2xr-dimension matrix, k=0, 1, . . . , K,~1,
3 [vsVvyvy] [vs V3V vy] w,,” is a N,/2xr-dimension matrix, m=0, 1, ..., M,-1,r
4 [vavaval [Vavavava] 55 is the number of Ranks, Nis the number of transmitting
2 55 33 33} 55 35 33 33} antennas, X(:,1) represents the I column of a matrix X,
7 [voveve] [vovoveva] X(l,,1,) represents an element in the 1,” row and in the
L,” column of the matrix X, and ® represents a direct
] product of matrices, and a set consists of a number K of
and Table 4 is: 60 @, is a transformation codebook of the codebook in the
two-stage structure, and a set consists of a number M of
Index w,, w,,” 1s abasic codebook ofthe codebook in the two-stage
structure.
? o [ZO e H 14. The receiving device according to claim 13, wherein a
5 v 4] 65 column vector of the matrix w,,"is a truncated 2% -DF T vector,
3 ]

[
Wy=[VyV3VyVs
W3 =[V3V, Vs Vs

and wherein 252N ,/2 and K is a natural number; and if ¢,” is
a codeword with a unitary characteristic, column vectors of
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the codeword w,,” of the basic codebook, corresponding to -continued
mutually non-orthogonal columns of the codeword @, in the
transformation codebook, are mutually orthogonal. Index @,
15. The receiving device according to claim 14, wherein
with N,=8 the matrix ®@,” takes its values selected from all or 5 7 | | | |
a part of matrices in Table 1 below or first r columns in all or ) Lei 1oi 1
a part of matrices in Table 2 below, and the matrix w,,” takes =17 S I
its values selected from all or a part of matrices in Table 3 V2o V2 2 V2
below or first r columns in all or a part of matrices in Table 4
below: 10 .
. Table 3 is:
Table 1 is:
- - Rank3 basic Rank4 basic
Rank3 transformation Rank4 transformation Index codebook w,,2 codebook w,,*
Index k codebook @ codebook @ 15
0 [Vo VeVl [Vo Vo Ve Vel
0 11 1 1 11 1 [vivsvd] [vivivsvy]
11 -1 1 -11 -1 2 [v2 Vo Vol [v2 V2 Vo Vol
3 [Vavyvy] [Vavav,v]
1 4 [Vavavy] [Vavavavy]
1 V2 o0 Lo1o 20 5 [Vsvavs] [VsVsv3 V3]
1 0 VI 010 1f 6 [VeVaval [V Ve Vaval
7 [v7vsvs] [V7v7V5Vs],
Table 2 is: and Table 4 is:
25
Index D Index W,
0 O = 1 11 0 Wo=[Vo V) V3 V3]
Tl -1 1 -1 1 Wi =[ViV2V3 V4]
30 2 Wa = [Va V3 V4 Vs]
3 Wy =[V3 V4 Vs V]
1 <I>1—[ 111 1} 4 Wy =[Vq Vs Ve V7]
-1 1 -11 5 Ws=[Vs Ve V7 Vo]
6 We=[Vs V7 Vo Vi]
2 111 1 7 Wy =[v7 VoV V2],
O, = [ ) } 35
J-iJ-i
wherein:
3 11 11
Q3 = [ S }
—ji i
Index Y,
4 40
1 1 1 1 0 vo=[1111]7 _
Op=|1+) 14j 14) 1+j 1 vi= 1= VI (1= v2)"
N O N 2 va=[1-j-1]]
V2 V2 V2 V2 3 vy=[1 (-1 -)ANZj -7
4 va=[1-11-11F
5 1 1 1 1 45 5 vs=[1 (-1 +)pNZ - 1 + P2’
- i i 6 ve=[1j-1-j]"
Ds=| 1+j 1+ 1+j 1+ 6 s S
= = = 7 vo=[1 1 +)NZj 1 +)HN2)L
V2 V2 V22 i
6 1 1 1 1 16. The receiving device according to claim 13, wherein
Qg=| -1+j 1-j —1+j 1-j 50 the codebook in the two-stage structure comprises a code-
V2 V2 V2 V2 book resulting from column exchange.
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